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Introduction
Complex Learning is the synthesis of knowledge, skills, and abilities including the transference of these skills from the learning environment to daily life. In today's high technology, on-demand business culture, the ability to comprehend multifaceted cognitive processes has become a requirement for successful business people. Learning of these skills can be impeded by the limited processing capacity of the human mind. Instruction often asks too much of learners without recognition of cognitive overload. Cognitive overload occurs when instruction requires learners to keep more processes in their working memory than they are able to effectively manage. The result of cognitive overload is learner frustration and unmet training goals due to the learner's inability to retain and make use of the information presented in training. As the need for people who can cognitively manage multifaceted processes increases, the Training and Development industry is being challenged to create instructional designs that deliver this kind of learning strategy. Merrienboer, Kirschner, and Kester (2003) , propose that complex learning be facilitated through an instructional design model that includes concepts of Cognitive Learning Theory and the Four Component Instructional Design Model (4C/ID). The purpose of this essay is to provide an explanation and critique of Cognitive Learning Theory and the Four Component Instructional Design Model as they are described in this article.
The 4C/ID Model
The 4C/ID model is based upon several design concepts and strategies that support student learning. As the focus of this model is to enhance learning while eliminating cognitive overload, the authors recognize that many supports for learning often contribute to cognitive overload. The learner is required to keep these supports in working memory while at the same time process the learning task at hand. Learning supports can include manuals, memorization of tables and formulas, and even verbal instruction. The success of this model rests primarily upon two concepts; support and fading. Supports are all processes and tools that are applied to training to enhance learning. Fading is the concept of sequentially reducing supports as the learner gains experience in order to facilitate naturalization of the learning tasks.
Whole and Part Task Organization
One of the supports in this model is sequencing, which entails introduction of simpler tasks before complex tasks. Organization of tasks can be from part-task to whole-task or whole-task to part-task. Sequencing learning based upon existing memory and experiences of either a part of the whole task, or a simplified version of the whole task, reduces cognitive overload before requiring working knowledge of the entire process. Part task organization focuses on understanding a part of the task in relation to the whole task and requires less cognitive load than understanding the entire process at one time. This approach fragments learning and does not facilitate synthesis of learning multiple concepts when used as the sole means of facilitating learning. Whole task organization introduces a simple view of the entire process and then, through training, expands the learners' awareness of more holistic and detailed versions of the concept by examining increasingly more complex levels of the entire concept. The whole task method of organization requires that the entire concept or focus of training be divided into separate tasks to be accomplished. The related sequential tasks in the process that have similar complexity can be divided into task classes (groups of tasks).
Learning Supports
The authors propose three supports known as learning classes to reduce cognitive load within a single task class. The three supports are fading, worked out examples, and completion learning classes. The fading principle should be exercised throughout each task class in coordination with the learning class. "In a conventional learning class the learner is presented with a given state and a goal state and is encouraged to develop a problem solving process with which to transition from the given state to the goal state" (Merrienboer, et al., 2003, p.7) . Due to this linear method of problem solving, this method requires a high cognitive load and tends not to allow learners to produce mental constructs that would indicate a level of mastery. It also weakens the development of problem solving methods because all constructs are generated from the learner's experience base.
In the learning class of worked out examples, students are provided with a given state and a goal state as well as an example solution. This allows learners to create analogous examples that parallel the given solution. In turn, this facilitates superior problem solving processes at the beginning of learning, based on the supplied example solution provided by the instructor. "One drawback of this learning class is that it requires learners to process the example and the actual problem simultaneously, and may result in increased cognitive load" (Merrienboer, et.al, 2003, p.7) .
"Completion learning classes provide a given and goal state but only a partial solution" (Merrienboer, et al., 2003, p.7) . Because of the missing part of the solution this requires learners to be active as with conventional tasks. It also decreases cognitive load, as in worked out examples, by providing a strong problem solving example and not requiring complete memorization of the given solution. This set of supports explains how information should be presented within a training design. The next set of supports deals with the timeliness of when information should be presented within a task class, based upon the intended outcome.
Timing of Supports
When attempting a new task or task class, the necessary information must be in the working memory of the learner. There are two ways of ensuring that the learner has the information ready when completing the learning task. One way is to present information before application in the learning class. The authors call this supportive information. It allows learners to study and practice so that the information is in long term memory and easily activated when needed to perform the task. This support works better for subjects of high complexity and that are variable, non-recurrent, task aspects dealing primarily with problem solving and reasoning, because it reserves mental capacity for performing the task. Providing necessary information prior to learning allows mental models to be formed before the cognitive load of problem solving occurs. The ability to perform non-recurrent tasks depends upon preexisting mental constructs that are relevant to the task. Multiple uses of the same construct prevents cognitive overload when the construct can be applied to various learning tasks. "Supportive information is kept available during learning tasks to serve as a reference to students when they are confronted with variable non-recurrent tasks" (Merrienboer, et al., 2003, p.9) .
The second method for timing the introduction of supports is to do so precisely when it is needed. This is called procedural information. This type of presentation reduces the cognitive load by limiting the amount of knowledge required to be present in working memory during application of the learning task. It works well with low complexity information and dealing with highly consistent and recurrent task aspects. "Procedural information provides the how-to instruction and application of rules" (Merrienboer, et.al, 2003, p.9) . Presenting information in this way, precisely when it is needed, prevents cognitive overload based on having to process a support while at the same time process the learning task. Information presentation must be fully integrated into the learning task. For example, using pop up menus in a computer program or having the instructor discuss the procedure while the learning task is being completed in order to avoid divided attention results in cognitive overload. "If full integration of supportive information into the learning task is not possible, presenting information before the learning task may be more effective" (Merrienboer, et al., 2003, p.10) . Procedural information should be faded out of the learning experience as learners develop mastery within a task class to accelerate the naturalization of learning concepts.
Application of Supports for 4C/ID Model
Thus far, the supports upon which the 4C/ID model is based have been described. The following sections will give a summary of the model in application of these supports and follow with a critique of this model and supporting concepts. This model is based on four components; learning tasks, supportive information, procedural information, and part task practice (see model at the end of this review).
The authors propose three steps for designing instructions that makes use of these components. The steps are not sequential but instead cumulative, with the processes in each step building upon those of the previous step. In step one, learning tasks are identified and organized into a sequence of task classes. Each task class begins with a high level of embedded support. "A learning class would begin with worked out examples, then fade to less support using completion tasks, and end with conventional tasks which entail no support, before moving onto the next task class" (Merrienboer, et al., 2003, p.11) . In step two, supportive information is presented at the beginning of training to prepare students to work on non-recurrent aspects of the learning task.
Learning tasks within the same class may be completed with the same general knowledge. In subsequent task classes, additional supportive information is presented to enable the learners to perform the more complex version of the whole task. Procedural information is presented just in time to perform recurrent and consistent aspects of the learning tasks. Procedural information is presented as direct how-to information and is quickly faded for subsequent learning tasks. In the final stage of design, step three, the whole task approach implies that recurrent aspects of performance are only trained in the context of the whole task.
If a high level of naturalization is desired for particular recurrent techniques, repeated whole task learning may not provide enough practice to allow for this level of development, without cognitive overload. For those specific aspects that are desired to be naturalized by learners, part task practice may be implemented into specific learning classes. Part task practice starts only after students have been introduced to the whole task subject of training. This allows learners to integrate and practice specific recurrent aspects into the concept of the whole task. (Merrienboer, et al., 2003, p. 11) The end result of this design model is a training session in which students experience all three steps of design simultaneously, as appropriate within the sequence of the training program.
Critique of 4C/ID Model
My critique of this model will be based upon the following observations: the model demonstrates a high degree of concern for the learners cognitive process; this model requires extensive preparation and analysis on the part of designers which may produce flawed training based on the possible misalignment in perceptions between the designers and learners as to the perceived complexity of skills being taught; and that the application of this model can be enhanced through the use of learning teams and related group development theories.
Overall, I consider this model to be very effective. It describes a detailed process for presenting learners with necessary information in a way that will allow them to process and retain that information. Before reading this article I was not aware of the concept of cognitive overload, though I had certainly experienced it. It seems to be a common flaw in the education paradigm of learning, to present as much information as possible and encourage the learners to retain it. The problem with this way of thinking, as the authors mentioned, is that it does not leave much working memory for the actual application of the learning. I remember a time in my undergraduate studies, having been tested on over one hundred pages of text. The professor would ask questions referring to specific terms and phrases as well as require us to synthesize concepts from the reading. There was simply too much information in my working memory from the text to handle complex processes like synthesis and specific recall and explanation. The result of this experience was not only poor performance on the test, but significant frustration, and very little retention of the subject content. Fading and sequencing are also familiar concepts in education; but combining these supports simultaneously with the process of analyzing the entire learning plan and dividing it into tasks and learning tasks that are enhanced with procedural and supportive information greatly increases the ability of a learning plan to accomplish the intended goal. The 4C/ID model requires significant interpretation of the data in the learning plan by the instructor in order to meet the requirements of each step in the design model. Because of the extensive planning required by this design it seems to place a greater emphasis on the needs of the student than any other design model that I am aware of. The combination of presenting procedural and supportive information in coordination with the learning classes based on division of learning into task classes demonstrates great emphasis on the needs and limitations of students and significantly enhances the likelihood that students will be able to retain and apply information presented in this manner to their daily lives.
Although this design model places great emphasis on the needs of the learner, it does so at the expense of great effort for the instructors and designers, and may allow for design flaws based on the incongruity between instructor and student perceptions. "Subject matter experts, who teach, typically deliver information too rapidly in chunks that are too large, resulting in learner overload" (Harrelson, Leaver-Dunn, and Martin, 2003, p.47) . The inability of the students to process the information at a rate considered to be appropriate by the instructor is likely to increase instructor frustration, and is likely to result in greater disparity between student and instructor perceptions. The 4C/ID design requires that every task in the learning plan be categorized into sets of learning classes, then those learning classes then must be categorized by complexity and their relationship to the whole task concept, and all information presentation be specifically timed within the training. While this model may contribute to a more synthesized understanding of the learning subject, it requires significantly more work on the part of designers than that required in a conventional design model. The necessary interdependence of concepts, and timing for presentation of information at each stage of delivery makes this an extremely complex and burdensome process for designers. If the desired learning plan can go without being changed or updated for long periods of time then this design method may be very useful. For training subjects that need regular adjustment, the complex nature of this model seems to make it unrealistic to designers that need short-term implementation that is easily changed to meet changing environmental conditions. The 4C/ID model is supposed to simplify learning for the students but relies upon the judgment of the instructors as to what information is more or less complex and which supports will help students at a specific point in training more than others. If students do not perceive the challenges and supports of the learning plan in the same way as the designers, then this highly coordinated and segmented design model may contribute to greater confusion and cognitive load as opposed to reducing overload. While a thorough needs assessment may allow designers to more closely match the perceptions of their intended learners, it is unlikely that any assessment tool would allow for a level of understanding that facilitates complete alignment of perceptions between learners and designers. The greater the degree of variance in perceptions between designers and learners, the less successful any lesson plan designed using this model will tend to be.
The flaws of this model tend to be exaggerated by the individual perceptions of students and designers. One way to reduce this flaw would be to incorporate group learning into this model. The inclusion of team based learning into this model has the potential to improve the application of this design model from the perspective of both designers and learners. If designers plan on creating skill groups or functional groups from the learners they can anticipate the needs of the learners with greater accuracy because the needs of a group tend to be more generalized than those of an individual. If more experienced group members were clustered with less experienced group members, designers could count on having a built in source of highly integrated support within the learning team to further enhance individual learning. Because of the increased ability of groups to provide for the cognitive and affective needs of group members, individuals within learning teams would be more likely to succeed within the training program, than if they approach the learning objective as individuals. Rue and Byars (2000) claim that "when people are brought together in their formal job duties, friendships naturally emerge out of these continuous contacts…that can have significant impact on both individual and organizational performance" (p.288). The transference of learning from the training environment to the work environment would also be enhanced if training teams were composed of work teams as they exist in the world of work. Trainees would be more likely to transfer new skills if they attempted to apply these skills at work with the same people the skills were learned with in training. "The more immersed the individual is in the learning process the greater their ability to retain the skills and lessons learned" group learning activities "not only involve participants at the highest level of learning (teaching others) they also allow for different individuals to learn in different ways" (Cain & Joliff, 1998, p. 2) Aspects of training that are forgotten may be corrected and supported by work peers without the need for costly retraining of specific employees.
The 4C/ID model relies upon four components: learning tasks, supportive information, procedural information, and part task practice. The complex, interdependent, and analytical nature of this model makes it very useful for designing instruction that can be divided into the steps for instructional design that are recommended by the authors. In theory, this model provides an easy to apply process for improving trainee performance based on synthesizing the various aspects of training that are presented through the course design. I believe that this model has limited application to mechanistic concepts and methods that do not require even a moderate degree of abstract thinking. Because of the complex design of this model, designers and instructors are required to interpret the course information to a great degree so that it may fit within the interdependent course design. If trainees do not perceive the same connections between course components as the designers, then cognitive overload may increase instead of decrease. The deficiencies of this model are caused by potential differences in individual perceptions. This variance may be reduced or eliminated through the addition of learning teams into training design strategies.
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Description of Model
Model citation (Merrienboer, et al., 2003, p.11) The three steps for design of the 4C/ID method are displayed in this model in descending sequential order from the top. The large rectangles represent task classes, and the smaller squares inside the rectangles represent specific learning tasks. Bars inside of the squares represent embedded learning supports. Supports are presented in great number at the beginning of the learning class and then faded throughout subsequent tasks to decrease learners' dependency on the supports. In step two the blue L-shaped line represents supportive information to be applied to non-recurrent task aspects and supplies general theory that is needed for that task class. Supportive information is introduced before the task class begins, with great emphasis, and is available throughout the task class. The black triangles represent procedural information. This specific how-to information is supplied exactly when the learner needs it for a specific task, and is removed when that task is completed.
Step three represents the introduction of part task learning. Stand-alone lessons, for information about processes that require a high degree of naturalization, can be introduced between learning tasks. Part task learning may involve multiple steps, but should only be introduced after the learner has gained an understanding of the whole task concept.
Adapted 4C/ID Model with Team Learning
Description of Adapted Model
The circles in this model represent the intended effects to the participants through the addition of team based learning to the 4C/ID model. Participants may be grouped at the beginning of a learning class but have no shared focus or perceived need of collaboration. Supports within learning tasks should address both the purpose of and the procedure for developing cohesion within the learning group throughout the learning classes. As supports fade, the participants should be experiencing a greater desire for and ability to be more cohesive. The end result of each learning class should be a group of learners that are capable of completing the learning tasks (closely grouped) without instructor-supplied support. Supportive and procedural information should address both task specific and interpersonal cohesion building theories and methods. One benefit of increasing cohesion within the participants, during the learning experience, is that they will be more fully immersed in the learning experience, as a result of personal interaction, and can be expected to have greater individual retention and learning rates. A second benefit is that if learning teams can be created from units that function together in the work place, the cohesion that is developed through this learning process can transfer back to the work place and deliver work teams that are more self supporting and less likely to experience performance detractors based on interpersonal conflict.
Conclusion
The student centered focus of the Four Component Instructional Design process sets an example that should be followed in other educational and training design programs. As the need for more effective training increases in contemporary and future business markets, instructional designers will do well if they make use of the learning supports described by Merrienboer, et al. To further increase the effectiveness of training, one may recommend that instructional designers implement team based learning into every aspect of training that permits this kind of interaction. Learning is a cognitive process, which may be accomplished without other people; however, the application of that learning almost always requires interaction between people. Integrating methods into instructional design to facilitate cooperative learning between people may be the only way to ensure successful implementation of the training as well as become the ultimate goal.
